
No-, 1918. 

~ ~ 

Date. 

1918. 
Nov. 1 ...... a ...... 

3 ...... 
8 ...... 
9 ...... 

11 ...... 
13 ...... 
18 ...... 
19 ...... 
29 ...... as ...... 
30 .___.. ................... ................... 

MON!I'HLY WEATHEB BEVIEW. 

~~ 

8a.m 

mm. 
8.63 
3.99 
6.79 
4.57 
3.63 
6.66 
3.W 
3.30 
3.45 

1.98 
2.71 

a.16 

. .  

499 

1918. 
Nov. 1. ...... 

a ....... 
6 ....... 
7 _____.. 
8 _..___. 

11 ....... 
13 ....... 
14 ....... 
19 ....... 
26 ....... 
a7 ....... 
29 --..-.. 
30 ....... 

ia ....... 

TABLE 2. -Vap pwes  at pyrhe~ivmetrk s t a h  on days when solar 
radiationintenmtus WW6 mcasWed. 

mm. 
4.57 
4.75 
4.57 
4.57 
6.- 
3.81 

4.67 
3.30 
5.79 
2 8 7  
z 8 7  
6.Q 
3.80 

3.63 

in the form of a 3-lead resistance thermometer, having 
a total resistance of from 20 to 25 ohms. The coil serves 
both as the thermometer and as the heater for the pur- 
pose of an electrical calibration, the rise in temperature 
of the thermometer being observed when a known 
amount of electrical energy IS dissipated in the coil. The 
receiver is mounted w i t h  a metal shell, which is incased 
by a wooden shell in order to reduce local temperature 
variations to a minimum, and the type of suspension of 
the receiver is such that thermal losses by conduction 
are ne ligible. Before the front faceof the receiver n lim- 

Japhragm is laced, and leadin from this, through 

and blackened tube which serves the purpose of hmitmg 
the cone of rays to a convenient solid angle greater than 
that subtended by the sun. The end of the tube carries 
a double-walled aluminum shutter, operated b a m 
netic release controlled by a chronograph, whic l may T- e 
so set as to open or close the shutter a t  any desired 
instant. For solar work the instrument is mounted as 
an equatorial telescope and is driven by clockwork, 80 
that the surface of the receiver is always presented 
normal1 to the sun. 

The B etermination of the relation between the tem- 
perature of the thermometer and ite resistance requires 
an inde endent experiment in which the receiver is 
remove from the yrheliometer and mounted in a con- 
stant temperature ath, the tem erature of which may 
be varied over the range requireb: The tem erature re- 
lation so found ma be accurately 8x resse a by a para- 
bolic equation, an B for silver block rp 0. 111, which was 
employed in the present investigation, R= 19.521 + 
0.OS394t+0.00010127P, where t is the tem erature centi- . These data were obtained b Pro!. H. H. Kim- 

The electrical calibration was made by subjecting the 
nickel coil of the thermometer to a measured current 
and observing the change in temperature indicated b 
the thermometer. The radiometric calibration was ma B e 
in a similar manner exce t that the heat was supplied by 
radiation from an outsi 2 e source. The source employed 
was a Lummer-Kurlbaum black body, or a black body 
of similar type, electrically heated, mth a compensating 
winding to reduce the adient and to ap- 

the inner inclosure, radiation was taken, 
was measured by standard platinum, p.htinum-rhodium 
thermocouples, accurately calibrated 111 terms of the 
melting points of zinc (419.4'), antimony (630.5'), and 
copper (1083'). A water-cooled diaphragm was mounted 
directly in front of the opening to the furnace. This 
diaphragm acts as the dective source of radiation. The 
equation of rate of energy transfer from the furnace to 
the pyrheliometer receiver is as follows when R is large 
compared with d& and 

itin? a ho e in the met a f  and wooden she1 f s, is a d iaphyped  

! a 

f z p o f  the United States Weather B ureau. 

proximate temperature %e temperature of 

Deaade hBp(yt&. 

Lincoln, Nebr. 

................. .., 

Wsshinetom, D. C. 

ed. 
364 
833 
338 
!a5 
47 
78 
44 

863 
7S2 

316 

180 
49 

48 
330 

58 

3011 

a75 

53 

a01 

l4rIdkmD wis. 

Date. 8a.m. 8p.m I-/_ 

-- 
ed. - 75 - 39 

64 
-35 - 47 

57 
47 

-164 
51 

8 0 9 8 8  
58 

86 
16 

-178 
- 8 0  

- 88 

a 

36 

- 67 

- ia 

- 
1p.m 

ed. 
84 - 39 

-137 
10 
30 
a7 

4a 

-119 - 16 
-117 

- 
1p.m. 

mm. 

- 

7.57 
9.47 
7.04 
4.37 
5.36 

7. a9 
4.37 
5.79 
3.45 
3.63 
4.57 

a. 48 

.__.._ .._.__ 
- 

--- 
ed. ml. 

97 - 76 
78 -114 
87 - 60 - 13 - 95 -iw -143 

-itxi - 85 

60 , -140 

-198 - 38 
69 - 36 

118 --r)o 

Cd. 
185 

308 
a17 

304 

241 
72 

815 aec 

a32 
l66 

1 m  
lea 
116 

ai7 

ma 

ZM 

aa 

Date. 1as.m 

ed. m 
61 

198 

m 
! m e 4  

160 
67 

MB 
241 

! m . a 4 a  
l54m 

65 
23 

30 
45 
a3 

153 

ai4 

au 

se 

mm. 
3.81 
3 4 5  
4.75 
6.02 
7.57 
3 . w  
4.67 
6.36 a 81 
6.50 
a63 
8. BB 
8.81 
2 49 

67 
75 
78 
46 

-103 
-l33 
-117 

- 9 3  
-Ia1 -103 

79 
88 
49 - 64 

-173 
-167 
-169 

-l53 
!E 

I 

-101 -163 
39 -116 
73 - 74 
83 49 

63 78 
88 -109 

68 8!2 

.............. 

67 55 

-m 98 

60 67 

.............. 

- 1 8  

-443 
--Mn 
-m 
-533 

-488 
-413 

-500 
-437 

-IO6 

-ala 

-557 

21 ........... 88 

ZI ........... 191 
a4 ........... 185 si ........... m 

aa ........... Dl 

28 ........... 230 
a7 ........... 
28 ........... 36 
29 ........... W 
30 ........... 238 

39 46 -na 
ala 131 - 1 am =a -as 
r)l a58' ai 

180 91 - 64 

197 a77 46 
a 5 5 1 9 9  88 53 

11 291 -144 
1W a76 67 
190 268 63 

........................... ........................... ........................... ........................... ........................... I 1  
TABLE 3.-Daily tolala and departures of sotar and sky radiation during 

N o v d m ,  1918. 

[Oram-calories per sqmm centlmeter of horkantal s w . ]  

E m s  or deficiency 
since flrst of month. 

- 
Lin. 
Dln. 

I II- 
Mad- 
ison. 

Wl.  
84 
45 

- 9 a  -sa 

-144 
-160 

--a35 

-178 
-103 
- 2 5  

- 8 a  

-453 
-556 
-649 

-414 

-753 
-714 
-641 
-558 
-491 
-4% 
-383 
-483 
-415 
-35s 

+294 

+IS4 +o. 1 

- 5a - a5 

-an 

ai 
-ai5 
-333 

WI. 
97 

175 
asa 
a49 
51 

-114 
-310 
-241 

-63 

16 
104 
l53 
89 

- 8 4  
-251 
-4m 
-315 
-aa7 
-380 

-317 

-543 
-669 
-733 
-884 
-629 
-551 
-680 
-564 

-416 

- -  35 
-550 
-0.4 

-la3 

-aa 

- 

No! r. l.......... . 
8.. ......... 
4.. ......... 
6.. ......... 
6.. ......... 
7.. ......... 
9. .......... 

10.. ......... 
11 ........... 
11 ........... 
13.. ......... 
14. .......... 
16. .......... 
16.. ......... 
17.: ......... 
la.. ......... 
19.. ......... 
10.. ......... 

a.. ......... 

8.. ......... 
-63 
- 5  

31 
66 aa 
a5 

-153 
-a33 
-a45 
-331 

II 

SO= CHABACTEEISTICS 08 TgE MAE- PYBHELIOm- 
TEE. 

By PAUL D. FOOTE, Associate Phyeicht, Bureau of Standards. 
~ e n t l f l c  Paper8 d the Buresu of Standards, No. m.] 

(Issned W ~ h h g t o n ,  June 2e.1918.) 

[Abstract.] 

. 

This pyrheliometer is dynamic in t y p  in that it is 
necessary to consider the rate a t  which e receiver ga@s 
heat when exposed to radiation and the rate a t  which 
the receiver loses heat when shaded from radiation. 
The essential feature of the instrument is the receiver. 

In the form used in the present work it consisted of a 
silver disk about 4.5 om. in d.iameter and 0.3 cm. thick, 
in an annular space inside of which is carefully mounted 
with the be& possible thermal contact a noninductive 
epirally wound coil of No. 35 silk insulated nickel wire 

where J-energy transferred per unit time from furnace 
to receiver. 

A,=area of water cooled diaphragm in front of 
furnace. 

A, = area of inmost or dective diaphragm in the 
pyrheliometer. 

T = absolute temperature of furnace. 
To 3: absolute temperature of pyrheliometer re- 

ceiver and surroundings. 
u = the Stefan-Boltzmann coefficient of radiation. 
R - distance from A, to AS. 
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..... 

Nov. 10, 1915 ........................................ 
Do ............................................. 
Do ............................................. 

YOV a 1911 ....................................... 

The quantity To4 is negligible, for the present! work, in 
comparison with T*. 

In the case of electrical calibration, 
J = i%, 

where i is the am era e of the heating current, and r is 

The object of the calibration of the pyrheliometer is to 
evaluate 

the resistance of t R %  e t ermometer. 

A J  1” - - 
where A J  is the heat applied to the pyrheliometric re- 
ceiver per minute per unit of surface area, and A T  is the 
measured change in temperature of the coils of the re- 
ceiver per minute. 

Havlng determined F’, for solar radiation mensure- 
ments we have the equation AJ = PAT. (F= F’ + Cor.) 
On account of the lag effect the observed vnlue of 

AT/At (t-time) in the interval 0 to 10 seconds nfter 
opening or closin the shutter was found to be too small 

case of electrical heating. It was therefore omitted 
from the results, and to reduce temperature changes 
measured in 5O-second intervals to 60-second intervals 
the factor 1.217 was found necessary. This factor is the 
same for iadiometric as for electrical heating, find its 
value agrees with that previously determined by the 
Weather Bureau for electrical heating. 

The following table summarizes the results of various 
experiments m t h  Marvin silver block No. 3. Each ex- 
periment represents a series of obaeivations which in 
most cases extended over an hour. The first column 
gives the total ener to the disk during each 
minute of heating. shown that the calibrn- 
tion constant F’, 
of the amount of 
tended over a 

‘ -AT 

in the case of ra % iometric heatsing and too large in the 

TABLB l.--Pinal wlibmtion of Marvin silver block No. 3. 
ELECTRICAL CALIBRATION. 

Cal.lernl Cal.!ma 
mm. 

- 
min. 

1.162 1.169 0.978 
1.352 1.388 .W4 
l.%Z 1.902 .Wl 
1.1lw 1.169 .891 

No,.: n: 1415 ....................................... 1.230 1.m 

Hean. ........................................ I.. ...................... ! 
. I 

RADIOYETRIC CALIBRATION. 

.m 

.88 

A pmvious dectrical calibration by the Weather 
Bureau gave for F‘ the value 2.1308. 
The author then applies certain obviously necessary 

corrections to these resulb, the most important being a 
correction of + 1.2 per cent to the electrically determined 
factor on account of incomplete absorption of radiat.ion 
by the blackened surface of the receiver, and obtains for 
hu mean values 

0. rn 
0. urn a m  

7.211 
18. lal 
21.81  

o .ma ’ 

aw a. iaa 

F- 2.135 (electrical calibration). 
F- 2.200 (radiometric calibration). 

He ives reasons for considering the radiometric 

the factor F=2.200 to reduce nieaaurements of solar 
radiation with Marvin silver block No. 3, made syn- 
chronously with measurements by Smithsonian silver 
block pyrheliometer No. I .  This last instrument was 
standardized through t.he Smithsonian Absolute pyrhelio- 
meter. 

nietho d the more accurate of the two, and then employs 

The results are given in Table 2. 

12.104 0.2755 2 2.141 

12.088 0.4855 ’ 2.088 0. i 7 i z  92.089 * 2.100 
12.100 2.111 
12.098 
1 2.116 
I 1.101 
I2.100 

2.110 

0*4m 2% 

I 

~2.1713 

i 

The difference, 2 per cent, is considered to be within 
the robable error of F, and the results may be considered 

The presentation of the theory of the pyrheliometer 
while based on recognized fundamental equations, has 
led to original foims of heating and cooling equat-ions 
especially adapted to the case under consideration. 

con H rmatory of the accuracy of the Smithsonian standard. 

SUMMARY. 

For the first time, it is believed, a pyrheliometer has 
been calibrated bp two methods, the usual electrical 
method and a radiometric method. In the radiometric 
method a known quantity of radiation from a black 
body was allowed to fall upon the pyrheliometer receiver 
in exactly the same manner as when employed for solar 
measurements. The calibrations by the two methods 
agreed within limits of experimental error, if t.he Stefan- 
Boltzmann constant were chosen aa u - 5 . 7 ~  watts 
cm.-* deg.-‘, the latest and most accurate determination 
of this constant of total radiation. Or conversely, the 
constant has been observed as 5 . 7 ~ l O - I ~  within an 
accurac of possibly 5 per cent. 

Ala% P art of which is due to the carefully investigated. 
alvanometer of the bridge, as been found to exist, and, 

for the silver disk No. 3, was ex erimentally shown to be 

mentally i t  was shown that the effect of this lag ie 
negligible after 5 to 10 seconds. The coolin and heating 
of the receiver follows Newton’s law of coo P ing. 

In order to complete1 eliminate errors due to a lag 

seconds following the beginning of a heating or cooling. 
The factor for converting readings of temperature or 
resistance change over this 50-second interval to corm- 

changes over a complete 60-second period b 
spondin% 1.217. his factor is the same for both electrical and 
radiometric heatin and waa determined with an accuraop 
of 0.1 per cent. !here is no advantage in making the 

eriods of heating and cooling 120 seconds in duration. 
beriods of 60 seconds are sufEcient. The method of 
blackening the receiver is of great importance. The best 
method used for blackening is that used by Coblentxi. 
The calibration constant F appears independent of the 
rate at which en is supphed to the receiver, &t least 
for en electrical c 2g i ration.-H. H. E. 

The i! ehavior of the Marvin pyrheliometer has been 

less than 2 seconds. Both t R eoretically and experi- 

effect, readings should l e made at  10 seconds and 60 
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Solar hnlo, 2'2 O... ........ 
Solar hulo 2O.. ......... 

1.unar halo, 2'2'. ........ 
dolar halo, 22 O... ........ 
Parhelion, 22', rlghl .._._ 
Solar halo, 22'... ........ 
Uppor tanpnt  arc _.__ _. . 
Lunar halo 22*. -. . __. _ _  
Solar halo 'no __.._ _ _  __. . 
Solar ha14 a'... 
Solar halo, W.. 
Solar halo 22'. .......... 
Solar ~ 0 :  Z Z ~  ........... 
I.imar halo, 22'. ........ 
Solar ha!o, 22 O . . .  ........ 
Lunar halo. 13'. ........ 
Solar halo. W... ........ 

LIillaI' h8h 22'. ........ 
solor halo, i20 ........... 

........ ......... 

1200 in. 
10:30 a. m. 
6% p. m. 
S K I  a. in. 
655 p.m. 
8:30 a. m. 
754 a.m. 

11:8 a. m. 
3:35 p.m. 
320 p. m. 
1:00 p.m. 

......................................................... 1 I--*-.--. 
1:37 p.m. 

11:OO a.m. 
720 a.m. 7:40 a. in. ............ 1:. ....................................... 

1 1 : ~  a. in. 11:50 a.m. .................................... ........I ........ 
i:45 p. m, 000 p.m. ........................................... -1.. ...... 

11:30 a.m. 200 p. in. I 
R:W p. UI. 

11:30 a.m. 1225 m. 12:10 p.m. ! ................ 980 

............................................ ........ 
8:OO p. m. ............................................. !a.8 i....ir. 

Lunar halo, 22'. ....... ., 7:30 p.m. I I?N. 
Solar halo, 2 2 ' . _ _ _ _ _ _ _ _ _ _  7:45a.m. !3:05a.m. 
Lunar halo, 22'. ........ 6:25 p. m. 8:45 p. m. 

............I ................ 300 ................. 

............................ 360 ....... ./. ....... 250s.m. I ................ 180 ........ ! 11 

('IOU&. 

. 
! Station pressure. 

Kind. Dire* I 
tlon. 

Preclpitatlon. 

Last prevlous ended. 1 
Ci. St.. ... 
........... ................... 

............................................................. ............................................................. 
nw.. .. Stationary.. ...... 2:OO a. In., 1st.. ..... 1015 n. IU.. 8th. i 
........I............_........ ...................... 

I .......................................... 
[g: :: 5: 1: ............ ............ ............ ............ ............ ............ ............ ............ ............ 

......................... 
}Briqht.. .... 

Diol.. ...... 
IXni.. ...... 
Din 
Dim ........ 
Din 
nlnl ........ 
Dim ........ 
Dim ........ 
Dtni ........ 

................... 
A. St ...... 
.I. St ...... 
Ci.St ..... 
('i, SL ..... 

w ..... I 
nw .... I 
w ..... i 
sw .... 

........... 

Stationary ........ 
p ............ 

:ionmy.. ...... 
.e.-. ......... 

Rising. ........... 

~~~~ 

320 p. m.. 20th ...... 
3:5O p. m.. 3lst. ..... 
255 a. m., gth... .... 
520 p. m., 2Bth ...... 

.................................. 
1:05 p. m.. 16th. ..... 

'' 2' 
..... ........... 

fR. 0. Y... 
10. I3 ...... 

$: E: 
............ ........... 

}Brilliant. ... 
Dim. ....... 
Dim ........ 

........ 
Hrilllant.. .. 
Dim ........ 

~ i ; : } ~ r ~ ! i a n t . .  _. 

Ci. Et.. .. .I w ..... 
Ci. St.. .I w. 
I 1. St.. .I w.. 
Ci. St.. .../ wuw.. 
Ci.  Bt.. ..., w ..... 
Ci. St.. ... w ..... 
A. St ... _..I ssw. .. 
('1 ......... 1 w ..... 
( 1  ......... nw .... 
Ci. St ..... m .... 
Ci. St.. ... m w . .  
(3. St.. .... w ..... 
A. I u... .. sw .... 
Ci. St.. ... w ..... 
Vi. St ..... w ..... 
C i. St.. ... nw... . 
A. St ...... sw .... 
Ci. St ..... w ..... 
Ci. St.. ... I w ..... 
ri.st ..... sw 
A. St ...... sw .... 
A. Cn S 

.. .... .. ... 

A. St ..... .i w.. ... 

('i. St.. ...I w 

ri.Rt ..... w ..... ...... 

Falling ............ D. N. p.. 30th.. ..... 
St8tionary.. 5:oO p. m.. 7th 
Rlstng. 5:OO p. m., 7th.. 
Rising.. 5:OO p. m., 7th 
Btatlonary ........ D. N. p 8th ........ 
Stationary ........ 11:iO a. E., 15th ..... 
Rising.. .......... 7:15 p. m., 27th ...... 
Falling ............ 504 p. m.. 30th ...... 
FalIing.. ................................ 
Rising .................................. 
Btationsrv ........ 2:15p. m., 17th ...... " m a .  m W. 
statio&. ....... 215 p. m., 17th ...... ih0 a. m:: b. 
Statlonary.. ...... 7:lO a. m., 3d ........ 1035 a. m., 7th. 

Statlnnary.. ...... 7:lO a. m., 3d ........ 1035 a. m., 7th. 
Stationary.. ...... 1 2 9  p. m., 9th ...... 827 a. In., 15th. 
Stationsry ........ 1 2 3 0 ~ .  m., Bth ...... Y:27 a. m 15th. 
F ~ ~ I R . .  .......... 1:OO p. m., 3lrt. ..... 1:OO a. m:: 9th. 
Ghtlonary.. ...... 1060 a. m 9th ...... D. N. 8.. 18th. 
Falling ............ D. N. a d h  ........ D. N. a.,16th. 
Rising.. .......... D. N. a:: 9th. ....... D. N. a., 16th. 

...... ....... ........... .... 
.......... ....... 

............................................... 

.......................................... :.. D. N. 8.. 16th. 

............................................... Rislng. ............ D. N. 8.. 9th ........ 
F d h g  200 p. m., 16th N' lit'. ............. ...... 

R ......... 
............ ............ ............ ............ 
R ......... 
R ......... 
R ......... 
R ......... 
R ......... 
R ......... 
R ......... 

............ 

............ 

Dim. ....... 
Hrizht ...... 
Dim ........ 
Dim ........ 
Dim.. ...... 
Dlm. ....... 
Bricht.. .... 
BrIRht.. .... 
Dlm ........ 
Dim ........ 
Dim. ....... 
Brlght ...... 
Dim ........ 
Dim. ....... 

i Tlmeof- Theodolite readings. I ! 
I 
I Alti- 

tude. Form nlwrrvd. I---- 
Beginning. i 

Station. 

_- 
m. 
233 
137 
191 

274 

3ffi 

444 
141 

s5 

297 

186 

a25 

- - 

3e 
44 
39 

i ........................ ........ ................ ............ .................... .................. 
1l:Ma.m. 1 ~ 5 0  a.m. .................... 
12:30 p. m. ............ 
1230 p. m. I.. 
545a.m. 

1225 p. m. ................... 
1230 p. m. 
1O:W a. m. 
7:OSp.m. 

........ ........ ........ 38 ........ 16 
8335 p. m. 
R:OOa.rn.756a.m 

180 I 10 ........ ....... ............ i 380 
2 : ~ p . m  .................. ................. 
3:lEip.m. 215p.m.I.::: .... ........ I 180 ........ j ........ 

Broken Arrow, Okla.'.. ............ 
Canton, N. I' ....................... 
Cincinnati, Ohio.. .................. 

None. 
None. 

7 
i 

7 

................................... 
Solar halo. 22' .......... .I- 030 a.m. 
Parhelion, no, ri ht  11:20 a. m. 
Parhclinu. 22*. Ieft.:::::i 11:20a.m. 

11:20 a. in. 
525  8. m. 

I -  Upper tadpiit arc ....... 
Liinnr halo, ? 2 O . .  ....... ........... 2i 

24 
7 

11 
16 
24 
2 

10 
11 
12 
14 
20 
29 
15 
15 
15 
2u 
21 
I 
7 

10 

14 
12 
14 
15 
16 

1; 

... 
Solar halo 23' 
War halo: 2Z0.___ ....... 
Solar halo, 22 O... ........ 
Lunar halo, 22'. ........ 

Ihyton, Ohio ....................... 16 

211 

59 
30 

47 

lh5 

1U 

e 5 3  

s4 10 

w I6 

os 34 

84 14 

IHI 28 

s9 23 

Ru 29 

Solar halo. no.. ........ _I 
Dmml, Nebr.*. ..................... 

Ellendale, N. Dak.*. ............... 
Groasbeck, Tex.*. .................. 
J~esburg, Ga.*. .................... 

.Madison, Wis ....................... 

Nashville, Tenn.. .................. 
Royal Center, Ind.*. ............... 40 

-- 
I 

I i I I I I I I -- 

station. 
Amount. 

i _- 
None. 
None. 

7 
7 

24 
21 
7 

11 
16 
25 
2 

10 
11 
I? 
14 

29 

15 
15 
XI 
21 
5 
7 

10 
14 
7 

14 
12 
14 
15 

I6 

z 

2o 

- 
......................... ......... ......... 

10 
......... .......... .......... 

10 

x 
7 
LO 
5 
R 
7 
4 
? 

s 
2 

n 

Broken Arrow, Okla.'.. ......................... 
Canton, N. Y .................................... 
('lncinnati. Ohio.. ............................... 

!l ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1:w 9. ID., 28th 
R ........ 

Dayton, Ohio.. ................................. 11:58a.m 8th. 
a. m.,%th. 

0:lO . m., 18th. 
1). z 0, Wth. 

(I: ""-....I sw.. _ _ I  
CI St ............. 

Dmrel. Nehr.*. ................................. I -. [a. I>. 
R.... 

Ellendale, N. I)&.*.. ........................... 
aroesbeck, Tex.* ................................ 
Leesburg. GaP.. ................................ 

Madison, Wis... ................................. 

Ngjhville, Tenn.. ............................... 
Royal Center, Ind.*. ............................ 

* AorologIcal station. t neginning with part nearest sun or moon. R. rod: 0, ora1IKr: etr. 


